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(57) ABSTRACT

The present invention provides a semiconductor laser device
capable of improving reproducibility and electrical proper-
ties of the device, and a manufacturing method thereot. The
semiconductor laser device according to the invention
includes a first p type AlGalnP-based clad layer formed on
an active layer, and a second p-type AlGalnP-based clad
layer formed on the first p-type AlGalnP-based clad layer
and having a ridge structure. The first p-type AlGalnP-based
clad layer 1s Zn-doped with a concentration that restrains Zn
diffusion into the active layer, and the second p-type
AlGalnP-based clad layer 1s Mg-doped with a concentration

higher than that of the first AlGalnP-based clad layer.

16 Claims, 8 Drawing Sheets

100

mm‘ 110

114

108
107

105

103

101



U.S. Patent Mar. 4, 2008 Sheet 1 of 8 US 7.339.966 B2

7
Z)

26

24

17

1.
B X

Prior art

FIG. 1

1 00E+19

100E+18

hole concentration (/cm?)

1 00E+17 : .
0.0E+00 1 OE-01 20E-01 30E-01

Zn/(Al+Ga+In) mole ratio

FIG. 2



U.S. Patent Mar. 4, 2008 Sheet 2 of 8 US 7.339.966 B2

—_—
““E 1evr9 mmmm-m----——————"-—+
O S A R
:_-: e
- e
2 e
E‘ ----1-1--------é-------:: ----------------------------------------- ------
- NG T
= 10E+18 b ng ——
8 ZZ:::ZZ:TZZEEEEZIIE_:EIZZZIZIZ::Z:Z:ZZ:::::L.'ZZIZZI:Z:::Z.:ZII'.IZZ:
C N = S S U UV UPPUN PR
O e SRRSO SR
@ o :
O
_g 1 0E+17

00E+00 2 0E-04 4 OE-04 6 0E—04

Mg/(Al+Ga+Iin) mole ratio

FIG. 3



U.S. Patent Mar. 4, 2008 Sheet 3 of 8 US 7,339,966 B2

3 D | active layer

n—type

P-type clad layer

clad layer

Zn design
concentration
I
|
|
i
|
|
|
|
_!

T deptt

a \ i
1 0E+19 | D
1 DE+18 |
1 0E+17

10E+16

Zn doping
concentration (/cm?)

10E+15




U.S. Patent Mar. 4, 2008 Sheet 4 of 8 US 7.339.966 B2

- active layer
c O
D m /_/
v = 5
© C HE
O _
, © | P-type i | n—type
S | clad |
= S clad layeri |: clad layer
—~ 1 E+20 depth
(_EJ 1 OE+1G
) ™
: o
'S g 1 0E+18
© =
© _g 10E+17 ¢
-
= O
:EJ 10E+16
O
O 10E+15

FIG. 5



U.S. Patent Mar. 4, 2008 Sheet 5 of 8 US 7,339,966 B2

112 0

mm‘ 110

L H4

-

108
S o ey
SR )

FIG. 6



US 7,339,966 B2

Sheet 6 of 8

Mar. 4, 2008

U.S. Patent

A}JISuajul |eando

Xapul aAljoeljal

103

FIG. 7



U.S. Patent

Mar. 4, 2008 Sheet 7 of 8

\\\\\\\\\\\\\\\\\\\\\\\\‘\\.

120a

R
NOVONONNNONNONNONNONONNONNNNNNNNNNY

FIG. 9

US 7,339,966 B2

120
112

110

108
107

105

103

101

112

110

108
107

105

103

101



U.S. Patent Mar. 4, 2008 Sheet 8 of 8 US 7,339,966 B2

— 120a
NANNN\N 1192

108
107

105

-

112

h\\‘;\\\\“ 110

L 4

.
107



US 7,339,966 B2

1

SEMICONDUCTOR LASER DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

RELATED APPLICATION

This application claims the benefit of Korean Patent

Application No. 2005-0013986 filed on Feb. 21, 2005, in the
Korean Intellectual Property Ofhice, the disclosure of which
1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor laser
device and a manufacturing method thereof. More particu-
larly, the present invention relates to a high-power group
I1I-V compound semiconductor laser device capable of
achieving 1mproved electrical properties and optical etli-
ciency, and a method for manufacturing the same.

2. Description of the Related Art

Recently, a semiconductor laser device has been used in
numerous areas such as optical sensor, optical communica-
tion, optical pickup, and display. Also a variety of applica-
tions need a high-power laser device. Especially, AlGaAs-
based or AlGalnP-based compound semiconductor laser
device 1s utilized as an optical source of CD or DVD
systems. In addition, there have been development and
mass-production of a next-generation optical storage system
using a blue-colored semiconductor laser device with 405
nm wavelength as an optical source.

In general, the semiconductor laser device includes upper
and lower clad layers for supplying electric currents and an
active layer formed therebetween to have induced emission
of photons. The semiconductor laser device has the upper
clad layer (e.g. p-type clad layer) formed as a ridge structure
so that electric currents are supplied only through the ridge,
thereby achieving improved injection ethiciency of electric
currents. WO 00/04615 discloses a group Ill-nitride semi-
conductor laser device having a ridge structure, and a
method for manufacturing the same.

FIG. 1 1s a sectional view of a conventional ridged
AlGalnP-based semiconductor laser device. Referring to
FIG. 1, the conventional rndged AlGalnP-based semicon-
ductor laser device 10 includes an AlGalnP-based n-type
clad layer 13, a p-type clad layer 17 and a p-type contact
layer 22 sequentially stacked on a substrate 11 made of
(GaAs and etc. An upper part of the p-type clad layer 17 has
a ridge structure, and a current blocking layer 24 1s formed
on both sides of the p-type clad layer 17. Also a p-electrode
26 1s formed on the p-type contact layer 22. An active layer
15 may have a multiple quantum well structure, e.g. 2
optical guide layers and a multiple quantum well layer
interposed there between.

In particular, 1n a high-power semiconductor laser device,
the p-type clad layer 17 1s doped with p-type impurities in
a high concentration to prevent electrons mnjected from the
n-type clad layer 13 to the active layer 15 from being leaked
to the p-type clad layer 17 (to prevent degradation of heat
characteristics). Zinc (Zn) or Magnestum (Mg) 1s mainly
used as p-type impurities to dope the p-type clad layer 17.

/n 1s easily doped in an AlGalnP-based semiconductor
and has excellent electrical properties. But Zn diffuses easily
when a doping concentration 1s high. Therefore Zn doped in
the p-type clad layer 17 with a high concentration of 10"°
cm™ or more easily diffuses into the active layer 15,
deteriorating optical properties and reliability of the laser
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device. Japanese Laid-Open Patent Application No. 2000-
2863507 teaches a method for stacking an undoped spacer
layer between an active layer and a p-type clad layer to
inhibit Zn diffusion into the active layer. However, a sepa-
rate spacer layer stacked will complicate a process and
increase costs thereof.

Compared to Zn, Mg allows high concentration without
diffusion. Therefore, by using Mg as a dopant to dope the
p-type clad layer, a device with superior heat characteristics
1s achievable. But, Mg doping causes time delay. Thus, even
if Mg 1s used as a dopant in forming the p-type clad layer 17,
the p-type clad layer 1s Mg-doped not immediately but after
a certain time passes. Consequently, some areas of the p-type
clad layer 17 adjacent to the active layer 13 1s not Mg-doped.,
deteriorating electrical properties. Moreover, the lengths of
Mg-undoped areas are not uniform, degrading reproducibil-
ity ol device properties.

SUMMARY OF THE INVENTION

The present invention has been made to solve the fore-
going problems of the prior art and it 1s therefore an object
of the present mvention to provide a semiconductor laser
device which restrains p-type dopant diflusion into an active
layer, and has superior electrical properties and improved
optical efliciency.

It 1s another object of the invention to provide a semi-
conductor laser device which prevents p-type dopant diffu-
s1on 1nto an active layer and improves electrical properties
and optical efliciency.

According to an aspect of the mvention for realizing the
object, there 1s provided a semiconductor laser device com-
prising;:

an n type AlGalnP-based clad layer formed on a substrate;

an active layer formed on the n-type AlGalnP-based clad
layer;

a first p-type AlGalnP-based clad layer formed on the
active layer; and

a second p-type AlGalnP-based clad layer having a ridge
structure formed on the first p-type AlGalnP-based clad
layer,

wherein the first p-type AlGalnP-based clad layer 1is
/n-doped with a concentration that restrains Zn diffusion
into the active layer, and the second p-type AlGalnP-based
clad layer 1s Mg-doped with a concentration higher than that
of the first p-type AlGalnP-based clad layer.

Preferably, the first p-type AlGalnP-based clad layer 1s
Zn-doped with a concentration of 8x10"” cm™ or less. More
preferably, the first p-type AlGalnP-based clad layer 1s
Zn-doped with a concentration of 1x10"" to 8x10"" cm™,
and much more preferably 5x10'7 to 8x10'” cm™. Further,
preferably, the second p-type AlGalnP-based clad layer 1s
Mg-doped with a concentration of at least 1x10'® cm™.
More preferably, the second p-type AlGalnP-based clad
layer is Mg-doped with a concentration of 1x10"° to 5x10"°
cm™, and more preferably 3x10'® to 5x10'° cm™.

According to one embodiment of the invention, an etch-
stop layer may be provided between the first p-type
AlGalnP-based clad layer and the second p-type AlGalnP-
based clad layer. The etch-stop layer serves to specily a point
where etching stops 1n case of etching for forming a ridge
structure.

According to another aspect of the invention for realizing
the object, there 1s provided a method for manufacturing a
semiconductor laser device comprising steps of:

sequentially forming an n-type AlGalnP-based clad layer
and an active layer on a substrate;
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forming a first p-type AlGalnP-based clad layer Zn-doped
with a concentration that restrains Zn diffusion into the

active layer; and

forming a second p-type AlGalnP-based clad layer Mg-
doped with a concentration higher than that of the first
p-type AlGalnP-based clad layer.

Preferably, the first p-type AlGalnP-based clad layer 1s
Zn-doped with a concentration of 8x10'” cm™ or less. More
preferably, the first p-type AlGalnP-based clad layer 1s
Zn-doped with a concentration of 1x10”" to 8x10'” cm™,
and much more preferably 5x10" to 8x10'" cm™. Also,
preferably, the second p-type AlGalnP-based clad layer 1s
Mg-doped with a concentration of at least 1x10'® cm™.
More preferably, the second p-type AlGalnP-based clad
layer is Mg-doped with a concentration of 1x10'® to 5x10'®
cm™, and much more preferably 3x10"® to 5x10'® cm™.

According to one embodiment of the present invention,
ne method for manufacturing the semiconductor laser
evice further comprises forming an etch-stop layer between
e first p-type AlGalnP-based clad layer forming step and
e second p-type AlGalnP-based clad layer forming step.
Also, the method further comprises selectively etching the
second p-type AlGalnP-based clad layer to form a ridge
structure.

t
C
t
t

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present invention will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 1s a sectional view of a conventional semiconduc-
tor laser device;

FIG. 2 1s a graph illustrating a hole concentration in
accordance with Zn mole ratio in Zn-doping AlGalnP mate-
rial;

FIG. 3 1s a graph illustrating a hole concentration in

accordance with Mg mole ratio in Mg-doping AlGalnP
material;

FIG. 4 1s a graph illustrating Zn design concentration in
accordance with a depth of an AlGalnP-based semiconduc-
tor laser device and an actual doping concentration of Zn;

FIG. 5 1s a graph illustrating Mg design concentration in
accordance with a depth of the AlGalnP-based semiconduc-
tor laser device and an actual doping concentration of Mg;

FIG. 6 1s a sectional view of a semiconductor laser device
according to one embodiment of the present invention;

FIG. 7 1s a graph 1illustrating optical intensity distribution
and reflective mndex distribution i accordance with a depth
of the semiconductor laser device according to one embodi-
ment of the present invention;

FIGS. 8 to 11 are sectional views 1llustrating a method for
manufacturing the semiconductor laser device according to
one embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1

Preferred embodiments of the present invention will now
be described in detail with reference to the accompanying,
drawings. The scope of the mnvention 1s not limited to the
embodiments described below. The embodiments are set
torth to provide more complete explanation of the mnvention
tor those skilled 1n the art. Therefore, shape and size of the
components 1n the drawings may be exaggerated for clearer
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explanation, and the same reference numerals are used
throughout the different drawings to designate the same or
similar component.

The present invention provides a method for controlling
doping materials and doping concentration of a first p-type
AlGalnP-based clad layer and a second p-type AlGalnP-
based clad layer so as to prevent dopant diffusion 1nto an
active layer and to enhance electrical properties and optical
elliciency. To realize this object, the inventor has analyzed
doping characteristics of Zinc (Zn) and magnesium (Mg)
used as a dopant of a semiconductor laser device based on
experiments. The results are shown 1 FIGS. 2 to 5.

FIG. 2 1s a graph illustrating a hole concentration in
accordance with Zn mole ratio in Zn-doping AlGalnP mate-
rial. Retferring to FIG. 2, the lateral axis indicates a mole
ratio of Zn dopant to total group III elements Al, Ga, In. The
mole ratio 1s 1n proportion to Zn doping concentration. The
longitudinal axis indicates hole concentration. Therefore, a
curve shown 1n FIG. 2 indicates changes 1n hole concentra-
tion 1n accordance with Zn doping concentration.

As shown 1n FIG. 2, with increase 1n Zn doping concen-
tration 1n AlGalnP material, a hole concentration also
increases linearly but the linearity changes 1n a certain point
A to a moderate curve. The point A where the linearity
changes means that more Zn-doping 1n the point A does not
result 1n subsequent increase in hole concentration, dimin-
1shing doping efliciency. This 1s because Zn atoms doped
beyond the point A are not placed at lattice points but at
interstitial sites of group III elements. Accordingly, Zn
atoms placed at interstitial sites do not create holes and have
high speed of diflusion. Therefore, Zn atoms doped with a
high concentration beyond the point A are easily diffused
into an adjacent area.

Meanwhile, 11 AlGalnP material 1s doped below the point
A, Zn atoms are placed at lattice points of group 111 elements
and have lower diffusion speed. Therefore Zn atoms doped
below the point A are not easily diflused into an adjacent
area. The analysis shows that Zn doping concentration in the
A point is about 8x10'” cm™.

This phenomenon 1s apparent from doping profile of FIG.
4. FIG. 4 shows Zn design concentration profile 1n accor-
dance with a depth of AlGalnP-based semiconductor laser
device and an actual Zn doping concentration profile. Zn
doping concentration profile shown i FIG. 4 1s measured
based on Secondary Ion Mass Spectroscopy (SIMS). As
shown 1 FIG. 4, 1if Zn design concentration in the p-type
clad layer is 1x10'® cm™ or more (a curve in FIG. 4),
according to actual Zn doping profile (curve a' of FIG. 4), a
great amount of Zn diffuses into the active layer and thus Zn
doping concentration in the active layer becomes at least
1x10 cm™. A great amount of Zn diffused into the active
layer creates a defect serving as a recombination level, thus
deteriorating device properties.

In contrast, if Zn design concentration in the p-type clad
layer is 8x10"” cm™ or less (curve b in FIG. 4), according
to actual Zn doping profile (curve b' of FIG. 4), Zn diffusion
into the active layer is restrained, and the active layer has
very low Zn concentration that is 10'° cm™ or less. There-
fore, 11 Zn doping concentration in the p-type clad layer 1s
8x10"" cm™ or less, Zn diffusion into the active layer is
inhibited.

FIG. 3 1s a graph 1illustrating hole concentration in accor-
dance with Mg mole ratio in Mg-doping AlGalnP matenal.
Referring to FIG. 3, the lateral axis indicates a mole ratio of
Mg dopant to total group 11l elements Al, Ga, In. The mole
ratio 1s in proportion to Mg doping concentration. The
longitudinal axis indicates hole concentration. Therefore a
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curve shown 1n FIG. 3 1s obtained by plotting changes 1n
hole concentration in accordance with Mg doping concen-
tration.

As shown 1n FIG. 3, in the case of Mg doping, with
increase 1n Mg doping concentration in AlGalnP material,
hole concentration increases linearly and the linearity
changes 1 a specified pomnt B to a moderate curve. But
compared with Zn doping, Mg doping concentration in the
point B 1s bigger than Zn doping concentration 1n the point
A (refer to FIG. 2). Mg doping concentration 1in the point B
is greater than 10"® cm™. Therefore, doping AlGalnP-based
material with Mg dopant ensures low diffusion and hjgh
doping concentratlon In fact, 1f Mg dopmg concentration 1s
at least 1x10'® cm™, Mg hardly diffuses into an adjacent
active layer.

FIG. 5 shows Mg design concentration profile 1n accor-
dance with AlGalnP-based semiconductor laser device and
an actual Mg doping concentration profile therecol. Mg
doping profile 1n FIG. 5 1s measured based on SIMS.
Referring to FIG. 5, even 1 Mg design concentration in the
p-type clad layer is 1x10'® cm™, according to an actual Mg
doping concentration profile, Mg does not diffuse mto the
active layer. However Mg doping causes time delay, leaving
the p-type clad layer near the active layer almost undoped
with Mg. Likewise, 11 the area adjacent to the active layer 1s
hardly Mg-doped, the area serves as a resistance, increasing,
operating voltage and consumption power, and degrading
device reproducibility.

FIG. 6 15 a sectional view of a semiconductor laser device
according to one embodiment of the invention. Referring to
FIG. 6, the semiconductor laser device 100 includes an
n-type AlGalnP-based clad layer 103, an active layer 105, a
first p-type AlGalnP clad layer 107 and an etch-stop layer
108 sequentially formed on an n-type GaAs substrate 101.
The etch-stop layer 108 includes a second AlGalnP-based
layer 110 and a p-type contact layer 112 having a ridge
structure. On both sides of the second p-type AlGalnP-based
clad layer 110 a current-blocking layer 114 1s formed. The
ctch-stop layer 108 may be formed of Zn-doped AlGalnP-
based material and has lower Al composition than that of the
first and second AlGalnP-based clad layers 107, 110.

The first p-type AlGalnP-based clad layer 107 1s a Zn-
doped n-type semiconductor. Especially, the first p-type
AlGalnP-based clad layer 107 1s Zn-doped with a concen-
tration that restrains Zn diffusion mto an adjacent active
layer 105 (about 8x10'" c¢cm™ or less). As explained in
reference to FIGS. 2 and 4, 11 the first p-type AlGalnP-based
clad layer 107 is Zn-doped with a concentration of 8x10"’
cm™ or less, Zn diffusion into the active layer 105 can be
restrained. But if the first p-type AlGalnP-based clad layer
107 1s Zn-doped with too low a concentration, Zn diffusion
1s 1nhibited but heat characteristics of laser device maybe
deteriorated. Therefore, the first AlGalnP-based clad layer
107 is preferably Zn-doped with a concentration of 1x10"’
to 8x10"" cm™, and more preferably 5x10"" to 8x10"" cm™.
By controlling Zn-doping concentration within the afore-
mentioned scope, Zn diffusion to the active layer 105 1s
restrained and heat characteristics of laser device 1s pre-
vented. Moreover, as stated later, Zn doping concentration of
8x10"" ¢cm™ or less allows the first p-type AlGalnP-based
clad layer 107 to sufler less optical absorption by hole

carriers.
The second p-type AlGalnP-based clad layer 110 1s Mg-

doped. Since the second AlGalnP-based clad layer 110 1s
placed over the etch-stop layer 108, 1t does not sufler
deterioration of electrical properties or device reproducibil-
ity resulting from time delay by Mg doping as explained 1n
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FIGS. 3 and 5. That 1s, the Zn-doped first p-type AlGalnP-
based clad layer 107 interposed between the active layer and
the second AlGalnP-based clad layer 110 does not allow of
undoping of the first p-type AlGalnP-based clad layer 107
adjacent to the active layer (refer to FIG. 5).

In addition, the second p-type AlGalnP-based clad layer
110 1s doped with a concentration higher than that of the first
p-type AlGalnP-based clad layer 107. Especially, the second
p-type AlGalnP-based clad layer 110 1s preferably Mg-
doped with a concentration of at least 1x10'® cm™. By
increasing doping concentration of the second p-type
AlGalnP-basd clad layer 110, the second p-type AlGalnP-
based clad layer 110 having a narrow ridge structure suflers
less resistance. Also, operating voltage and consumption
power of laser device can be reduced. But if the second
AlGalnP-based clad layer 110 1s Mg-doped with too high a
concentration, a defect may occur, degrading crystalline
quality. As a result, the second p-type AlGalnP-based clad
layer 110 1s preferably Mg-doped with a concentration of
1><10 to 5x10™® cm™, more preferably 3x10'® to 5x10"°
cm™. By controlling Mg doping concentration within the
aforesaid scope, electrical properties of laser device are
enhanced.

FIG. 7 1s a graph 1llustrating optical intensity distribution
and reflective index distribution 1n accordance with the
semiconductor laser device of FIG. 6. In the graph of FIG.
7, a lateral axis indicates a depth along the thickness of laser
device. FIG. 7 shows retlective index distribution having
sharp bends 1n the active layer 105 and the etch-stop layer
108. Also referring to FI1G. 7, the first p-type clad layer 107
adjacent to the active layer 105 has high distribution of
optical intensity. The first p-type clad layer 107 1s doped
with a concentration of 8x10*" cm™ or less, and thus has
relatively low hole concentration. Consequently, the first
p-type AlGalnP-based clad layer 107 having high distribu-
tion of optical intensity suflers less optical absorption by
hole carriers.

The manufacturing method for the semiconductor laser
device according to one embodiment of the invention will be
explained hereunder 1n reference to FIGS. 8 to 11. Accord-
ing to the embodiment, the etch-stop layer 1s used as a point
where etching stops i1n case of an etching process for
forming a ridge structure. However, 1n another manufactur-
ing method, the etch-stop layer may not be formed.

First, 1n reference to FIG. 8, an n-type AlGalnP-based
clad layer 103, an active layer 103, a first p-type AlGalnP-
based clad layer 107, an etch-stop layer 108, a second p-type
AlGalnP-based clad layer 110 and a p-type contact layer 112
are formed on an n-type GaAs substrate 101 via Metal
Organic Chemical Vapor Deposition (MOCVD). On the
p-type contact layer 120, a S10, layer 120 1s formed for
mask pattering. In forming the first p-type AlGalnP-based
clad layer 107, for example, diethylZn (DEZn) 1s used as a
source to form a zinc-doped epitaxial layer. At this time, to
restrain zinc diffusion into the active layer 105, the first
p-type AlGalnP-based clad layer 107 1s doped with a con-
centration of 8x10"" cm™ or less. Preferably, to inhibit zinc
diffusion and improve heat characteristics, the first p-type
AlGalnP-based clad layer 1s doped with a concentration of
1><1017 to 8><1017 m~, and more preferably 5x10" to
8x10 cm™

Further, 1n forming the second p-type AlGalnP-based clad
layer 110, for example, bis(cyclopentadienyl) magnesium
(C;H;)-Mg 1s used as a source to form an Mg-doped
epitaxial layer. At this time, to reduce resistance of the
second p-type AlGalnP clad layer 110, the second p-type
AlGalnP-based clad layer 110 1s doped with a concentration
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of at least 1x10"® cm™. Preferably, to reduce resistance and
prevent a defect, the second p-type AlGalnP-based clad
layer 110 is doped with a concentration of 1x10"® to 5x10"®
cm™, and more preferably 3x10"® to 5x10"® cm™.

Next, as shown in FIG. 9, a S10,, layer 120 1s patterned
through selective etching to form a striped mask pattern
120a. Thereatter, as shown in FIG. 10, the mask pattern
120a 1s used as an etching mask to selectively etch the
p-type contact layer 112 and the second p-type AlGalnP-
based clad layer 110, and then to form a ridge structure. The
ctch-stop layer 108 1s hardly etched due to use of an etchant
having a higher etching selectivity for the second p-type
AlGalnP-based clad layer 110 over the etch-stop layer 108.
Therefore, the etch-stop layer 108 serves as a point where
etching stops to form a ridge structure.

Then, as shown i1n FIG. 11, a mask pattern 120a 1s
removed to form an insulator such as S10, or an n-type
(GaAs current blocking layer 114 on both sides of the ndged
second p-type AlGalnP-based clad layer 110 and on an
ctch-stop layer 108. Thereafter, an n-type electrode 1is
tformed on the lower substrate 101 and a p-type electrode 1s
formed on the p-type contact layer 112 (not illustrated). As
a result, the semiconductor laser device according to the
embodiment 1s manufactured.

According to the present invention, as stated above, by
controlling dopant elements and doping concentration of the
first p-type AlGalnP-based clad layer and the second p-type
AlGalnP-based clad layer, zinc diffusion ito the active
layer 1s restrained, and device reproducibility resulting from
time delay by Mg-doping 1s prevented from deteriorating.
This, consequently, leads to improvement 1n electrical prop-
erties of the device, and reduction 1n operating voltage and
consumption power. Furthermore, a relatively diminished
doping concentration of the first p-type AlGalnP-based clad
layer having higher optical distribution reduces optical
absorption by hole carriers. This elevates internal optical
elliciency of the semiconductor laser device and ensures
high optical efliciency.

While the present invention has been shown and
described in connection with the preferred embodiments, 1t
will be apparent to those skilled 1n the art that modifications
and vanations can be made without departing from the spirit
and scope of the invention as defined by the appended
claims.

What 1s claimed 1s:

1. A semiconductor laser device comprising:

an n type AlGalnP-based clad layer formed on a substrate;

an active layer formed on the n-type AlGalnP-based clad

layer;

a first p-type AlGalnP-based clad layer formed on the

active layer; and

a second p-type AlGalnP-based clad layer having a ridge

structure formed on the first p-type AlGalnP-based clad
layer,

wherein the first p-type AlGalnP-based clad layer 1s

/n-doped with a concentration that restrains Zn diffu-
ston into the active layer, and the second p-type
AlGalnP-based clad layer 1s Mg-doped with a concen-
tration higher than that of the first p-type AlGalnP-
based clad layer.
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2. The semiconductor laser device according to claim 1,
wherein the first p-type AlGalnP-based clad layer 1s Zn-
doped with a concentration of 8x10"" cm™ or less.

3. The semiconductor laser device according to claim 1,
wherein the first p-type AlGalnP-based clad layer 1s Zn-
doped with a concentration of 1x10"" to 8x10*” cm™.

4. The semiconductor laser device according to claim 1,
wherein the first p-type AlGalnP-based clad layer 1s Zn-
doped with a concentration of 5x10"” to 810" cm™.

5. The semiconductor laser device according to claim 1,
wherein the second p-type AlGalnP-based clad layer i1s
Mg-doped with a concentration of at least 1x10'® cm™.

6. The semiconductor laser device according to claim 1,
wherein the second p-type AlGalnP-based clad layer 1s
Mg-doped with a concentration of 1x10'® to 5x10*® cm™.

7. The semiconductor laser device according to claim 1,
wherein the second p-type AlGalnP-based clad layer i1s
Mg-doped with a concentration of 3x10'® to 5x10"*® cm™.

8. The semiconductor laser device according to claim 1,
further comprising an etch stop layer formed between the
first p-type AlGalnP-based clad layer and the second p-type
AlGalnP-based p-type clad layer.

9. A method for manufacturing a semiconductor laser
device comprising steps of:

sequentially forming an n-type AlGalnP-based clad layer
and an active layer on a substrate;

forming a first p-type AlGalnP-based clad layer Zn-doped
with a concentration that restrains Zn diffusion into the
active layer;

selectively etching the second p-type AlGalnP-based clad
layer to form a ridge structure;

and forming a second p-type AlGalnP-based clad layer
Mg-doped with a concentration higher than that of the
first p-type AlGalnP-based clad layer.

10. The method according to claim 9, wherein the first
p-type AlGalnP-based clad layer 1s Zn-doped with a con-
centration of 8x10'" cm™ or less.

11. The method according to claim 9, wherein the first
p-type AlGalnP-based clad layer 1s Zn-doped with a con-
centration of 1x10"" to 8x10*" cm™.

12. The method according to claim 9, wherein the first
p-type AlGalnP-based clad layer 1s Zn-doped with a con-
centration of 5x10'7 to 810" ¢cm™.

13. The method according to claim 9, wherein the second
p-type AlGalnP-based clad layer 1s Mg-doped with a con-

centration of at least 1x10'® cm™.

14. The method according to claim 9, wherein the second
p-type AlGalnP-based clad layer 1s Mg-doped with a con-
centration of 1x10"® to 5x10™® cm™.

15. The method according to claim 9, wherein the second
p-type AlGalnP-based clad layer 1s Mg-doped with a con-
centration of 3x10'® to 5x10"® cm™.

16. The method according to claim 9, further comprising
forming an etch-stop layer between the first p-type AlGalnP-
based clad layer forming step and the second p-type
AlGalnP-based clad layer forming step.
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